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ANALYTICAL SYSTEM AND METHnn F QR MEASURING AND 
CONTROLLING A GLASS PRODUCTION PROCESS — 

The present invention relates to an analytical system for analysing and controlling a 
production process for glass products, the production process comprising a shaping process 
and a cooling process and the analytical system comprising an infrared-sensitive 
measurement sj^tem and a processor communicating therewith, the infrared-sensitive 
measurement system being equipped to measure infrared radiation originating from hot 
glass products immediately after a shaping process for tiie glass products and die processor 
being equipped to determine a heat distribution in the glass products on the basis of 
information determined by the measurement system. 

A system of this type is disclosed in the patent EP 643 297 AI . This patent describes an 
analytical system ttiat can be used to detemiine the quahty of glass products before the 
glass products have cooled. The quality of the products is determined by detemiining the 
heat distribution in a product and comparing this with a reference heat distribution from a 
mathematical model. If a specific product does not meet specific criteria, this product is 
removed fix)m the production process before it has cooled. In this way it is possible to use 
additional information from the glass shaping process, which would be lost during a 
cooUng process, to determine the cause of a production fault. By this means it is possible to 
adjust the shaping process in good time, if necessary. 

A disadvantage of this infrared measurement system is, however, the very low saisitivity to 
changes in temperature, glass purity and glass thickness in the interior of die ^ass wall. 
Specifically, glass is completely opaque to the major proportion of the infrared spectrum 
since the glass has a high coefficient of absorption for infixed radiation. As a result the 
infrared radiation from the mterior of die glass waU is completely absorbed. Thus, only the 
infrared radiation originating fix)m a fliin surface layer is measured. Consequaitiy, changes 
in the interior of the glass wall beneatii tiiis surface layer cannot be determined. The 
infrared radiation fiiom the surface layer as it were blinds the infrared sensors to die small 
amount of radiation fliat originates fix>m the interior of die glass walL Partly because of this 
it is impossible to detamine whether die change in flie infiared radiation is caused by a 
change in glass waU thickness or by a change in flie temperature of the glass wall. 
Specifically, an ino^ase in the intensity of die infrared radiation signifies a higher 
temperatiire of the glass surface on the outside of the product This can be caused by a 
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tilicker glass wall, as a result of which the product cools less r^idly, or it can be caused 
because the temperature of the product is higher. Since only the radiation fiom the glass 
surface is measured using infrared, it is not possible to distinguish between these two 

causes. 

One aim of the present invention is to be able to measure infrared radiation originating 
from the interior of the glass wall of hot glass products. 

In order to achieve this sim^ the present invention relates to an analytical system of the type 
mentioned in the preamble, characterised in that the mfrared-sensitive measurement system 
is sensitive only to radiation in the so-called Near Infra Red (NIK) region. 
Infrared light with long wavelengths is completely absorbed in the interior of the glass 
wall. This is not the case with NIR radiation. NIR radiation essentially originates from the 
interior of the glass wall and the measured amount of NIR radiation is thus correlated to the 
amount of heat in the interior of the glass wall. 

Preferably, the infrared-sensitive measurement system is sensitive to wavelengths of 
between 900 and 2800 nanometres. It has been found that optimum results are obtained at 
these wavelengths. 

hi one embodiment of the invention the measurement system comprises at least one 
infrared sensor and at least one Near Infra Red filter. Preferably, the transmission 
characteristic of the Near Infra Red filter is dependent on the colour and the specific 
material composition of the glass products. This ensures optimum measurement sensitivity. 
In a preferred embodiment the processor is equipped to carry out the following steps: 

(a) subdividing an image of the glass products into at least two measurement 
regions; 

(b) detenniiiing average intensity values for &e different measurement re^^ 
consecutive glass products; 

(c) determining, for at least two measurement regions, a current average value from 
the average intensity values determined for a number of consecutively shaped 
glass products over time; 

(d) recording, for each of the at least two measurement regions, any deviation 
between the current intensity or the current average intensity and a reference 
value; 

(e) comparing any deviations between the at least two measurement regions; 

(f) generating an error signal in the event of any deviations. 
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By analysing the deviations between the at least two measurement regions it is possible to 
determine whether a change in glass wall thickness has occuired or whether a change in 
temperature has occurred In this context change signifies a change with respect to the 
previous glass products and glass products produced in die past 
In another embodiment the processor is equipped to carry out the following steps: 

(a) subdividing an image of the glass products into at least two measurement 
regions; 

(b) determining average intensity values for the different measurement regions for 
consecutive glass products; 

(c) determining a machine plot by plotting a graph of the average mtensity values as 
a function of the consecutive glass products, i.e. stations; 

(d) determining a cooling plot by means of an optimum fit curve; 

(e) recording any deviations between a current machine plot and the cooling plot; 

(f) generating an error signal in the event of any deviations. 

By determining an optimum fit curve and taking this as reference curve, current machine 
plots can be compared with this. This can be performed individually for each measurement 
region. Deviations in the machine plots compared with the fit curve provide information on 
errors in the shaping process. By means of this analytical method both the quality of the 
shaping process and also the quality of the glass products can be monitored. If the 
measured intensities are precisely on the cooling plot, the glass products will have the same 
qiiality. 

In another embodiment the processor is equipped to record local discontinuities in the heat 
distribution in a glass product With ttie aid of this analytical system the heat distribution of 
the heat fix>m the interior of ttie glass wall can be determined. If material foreign to glass, 
glass of a different coa?)osition, a lower amoimt of glass (blister, air bubble) or a higher 
amount of glass (glass fragment or glass point) is present in the glass wall this will result in 
a local discontinuity in the heat distribution. Such a local discontinuity is the result of a 
change in the purity of the glass. 

Furthermore, the present invention relates to a method for analysing and controlling a 
shaping process for glass products, as described in Claim 13. By measuring radiation in the 
Near Infia Red region the heat distribution in the interior of the glass waU can be 
determined, which offers possibilities for novel analytical methods. 
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One embodiment of the abovementioned method is described in Claim 1 8. Although the 
intensity of the measured radiation is dependent on the temperature distribution, the 
amount of glass and the material properties, changes in the thickness of the glass wall can 
readily be determined by means of this method. By comparing the deviations &oxn average 
intensities in two measurement regions it is possible to determine whether the change in the 
measured radiation is to be ascribed to a change in the thickness of the glass wall or to a 
change in the temperature of the glass. This analytical method will be explained in more 
detail in the description of the figures. 

Another embodiment of the mefliod according to the invention is described in Claim 21. 
With the aid of this method the correct settings for the shaping process can rapidly be 
determined and a setup time in ttie case of a change in production is shortened. Moreover, 
deviations in tihe current machine plots for the different measurement regions can be used 
to analyse faults in individual sub-processes of tihe shaping process. 

Further advantages and characteristics of the present invention will become clear on the 
basis of a description of a number of embodiments, reference being made to the appended 
drawings, in which: 

Fig. 1 shows a production process from the state of the art. 

Fig. 2 shows, diagrammatically, a glass shaping machine and a measurement system from 
the state of the art, 

Fig. 3 shows, diagrammatically, a measurement system according to the invention. 
Fig. 4 shows an example of a subdivision of the glass products into measurement regions. 
Fig, 5 is a graph showing the change in the average intensity of two measmement regions 
and a reference value. 

Fig. 6 is a graph showing the change in the average int^isity of two measurement regions 
and a reference value. 

Fig. 7 is a graph of a so-called machine plot. 

Fig. 8 is a graph of a so-called machine plot with a fit curve. 

Figure 1 shows a known production process for hollow glass products in which various 
process steps can be recognised. In a melting fiimace 1 recycled glass fragments, mixed 
with baac raw material and additives, are remelted to give Uquid glass. The molten glass 
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flows ftom the melting furnace 1 via one or more channels 2 (**forehearth") to a feeder 3. 
Downstream of the feeder 3 the stream of glass is cut into glass gobs in a gob forming 
process 4. The glass gobs are then fed via a gob tranqjort S to an Independent Section (IS) 
machine 6. 

The IS machine 6 in which the shaping process takes place is shown in more detail in 
Figure 2. In the IS machine 6 each glass gob is shaped into a product The shaping process 
is, for example, carried out with the aid of two moulds. The gob first falls into a first mould 
(the so-called blank mould 1 1) where, dqpending on the shaping process, the first stage of 
the product is blown or pressed. This first stage of the product, also termed the parison, is 
ttien transported to a second mould (the so-called blow mould 12), where the parison is 
blown to give the final shape of a glass product 18. The section 16 with the two moulds is 
also termed a station. The IS machine 6 consists of several parallel sections 14. Each 
section 14 can, in turn, consist of several stations 16 which are able to produce products 
independently of one anotiier. The blown glass products 18 are placed one after the other 
on a conveyor belt 8 and fed to a cooling oven 7; see Figure 1 . In the cooling oven 7 the 
products are heated to above the so-called anneahng point of the glass. The products are 
rendered stress-fi*ee by this means. The products can now cool and can be packed and 
transported to their destination. The section of the production process downstream of the 
cooling oven is also termed the "cold" section of the production area. During production a 
wide variety of faults which have an adverse effect on the quality of the glass product can 
arise in every process step. Consequratly it is necessary for the process variables of each 
process step to be set within very narrow tolerances and to be monitored. These process 
settings are dependent on the type of end product and have to be re-adjusted for the 
production of a different type of product (the so-called product change). An end product 1 8 
of good quality has the correct dimensions, has a uniform glass thickness, does not have 
any cracks, has an even colour and has a high degree of glass purity. Glass purity means 
that the glass must be firee firom all sorts of material foreign to glass, such as grit, air 
bubbles, metals and contamination. 

In order to be able to offer the customer glass products 18 of a consistently hig^ quality, the 
glass products are injected to determine their quality. To prevent information 6com the 
shaping process being lost by the annealing process, currently use is made of an infirared 
measurement system 20, see Figure 2, which measures the thermal radiation by the glass 
product 1 8 before the glass product enters the cooling oven 7. The information obtained by 
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the infrared measurement system 20 can be used to monitor the quality of the glass 
products 18 and the process. The known measurement system 20 has the disadvantages 
mentioned above. 

Figure 3 shows, diagrammatically, a novel measurement system 30 according to an 
embodimmt of the invention. The measurement system 30 comprises a filter system 34, at 
least one iniBrared sensor 32 and a digital processor 38. The filter system 34 allows selective 
transmission only of infirared radiation in Ihe Near Infira Red (NIK) region, that is to say 
radiation having a wavelength of between 600 and 5000 nanometres. Thermal radiation in 
the NIR region mainly originates from the interior of a glass wall 36. Preferably the filter 
system is so equipped that it allows the transmission of radiation in the wavelength range 
of 900 to 2800 nanometers, depending on the specific composition of the glass. In Figure 3 
the NIR radiation is shown by the thin dashed arrows. The digital processor 38 is equ^ed 
to analyse a heat distribution in a glass product on the basis of measurement data. This can 
take place in various ways, which are described in the embodiments below. 
In one embodiment the digital processor 38 is equipped to subdivide the heat distribution 
obtained for a glass product into so-called measurement regions 40, 41, 42, 43, 44; see 
Figure 4. These can be a number of strips that subdivide the image of the glass product 18 
into horizontal measurement regions 40, 41, 42, 43, 44 (see Figure 4), but a different form 
of measurement regions 40, 41, 42, 43, 44 is also possible. The number of measurement 
regions 40, 41, 42, 43, 44 is two or more. The number of measurraient regions is not 
relevant, but more detailed information on the shaping process is obtained with a larger 
number of measurement regions. The measured intensities of the radiation are preferably 
averaged over each measurement region 40, 41, 42, 43, 44. The current average value thus 
obtained is compared witii a reference value. This reference value is determined by the 
cooling curve originating from the measuremmt region or by another statistical calculation 
such as, for exanq)le, the running average. If the current average value is greater than flie 
reference value the difference is 'positive'; see Figure 5. If the average value is lower than 
its reference value this difference is then 'negative*. 

This analysis is carried out for each measurement region 40, 41, 42, 43, 44 set. If there are 
measurement regions 40, 41, 42, 43, 44 that display a difference and have an opposite sign 
the change is to be ascribed to a change ia the glass thickness; see Figure 5. Explanation: 
each glass product is formed fix>m a glass gob. The gobs have a constant weight and 
volume. The quantity of glass per product is thus constant. If, as a result of a disturbance in 



wo 2004/01 1935 PCT/NL2003/000547 

7 

the process, a thinner glass wall is produced somewhwe in the product, for example in the 
base section, the glass wall thickness in anoth^ measurement region 40, 41, 42, 43, 44 of 
the product then has to increase. The measurement regions 40, 41, 42, 43, 44 with a thinner 
glass wall will emit less radiation; the measurement regions 40, 41, 42, 43, 44 with a 
thicker glass wall will emit more radiation. The change cannot be ascribed to a change in 
the material properties siace the glass for the products comes from the same furnace. 
Figure 6 shows a gr^h with a difTerent change in the average intensity of fhe measur^ent 
regions 40, 41 , 42, 43, 44. As a result of a disturbance in the process a deviation in die 
radiation occurs. Because in this case the measured deviation has a matching sign there has 
been a change in the glass wall temperature. Explanation: each glass product is formed 
from a glass gob. The gobs have a constant weight and volume. The quantity of glass per 
product is thus constant. as the result of a disturbance in the process, the temperature of 
the glass product 18 rises, those parts of the glass product 18 that are hotter will then all 
emit more radiation. Since the thickness of the glass wall has not changed, the deviations in 
the relevant measurement regions 40, 41, 42, 43, 44 will all have a matching sign for the 
~ difference. The change caimot be ascribed to a change in the material properties siace the 
glass for the glass products 18 comes from the same melting furnace 1 . 

Each section 14 of the IS machine 6 consists of one or more stations 16. Each station 16 
can produce a glass product 18 independently of the other sections 14. The glass products 
1 8 that have just been formed are in a fixed sequence on the conveyor belt 8. Depending on 
the section 14 from which they have been produced, the glass products 18 all have a 
different cooling time. This is the time between the end of the shaping process and the time 
when the product passes by the measurement system 30. 

Because the invention is preferably synchronised over time with the IS machine 6, the 
station 16 from which the glass product 18 originates is known for each glass product 18. 
In Figure 7 the measured intensity is plotted against the various stations 16 for one specific 
measurement region 40, 41, 42, 43, 44. The names of tiie stations (B and F) associated with 
the various sections 01', - "12') are plotted along the X axis. Stations 16 that are closer to 
the measurement system 30 have a shorter cooling time and thus also have a higher 
radiation level at the point in time when they pass by the measurement system 30. Thus, it 
can be seen in Figure 7 that a glass product 18 &om station •12B', which is close to the 
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measurement system 30 (see also Figure 2), is hotter than a glass product 18 from station 
*1B', which is far away from the measurement system 30. The graph obtained is termed the 
IS machine plot. 

hi Figure 8 an exponential curve that has been calculated with the aid of the "least squares" 
5 or a similar method has been drawn through the measurement points from Figure 7. This 
curve is termed the cooling curve. If all glass products formed have tiie same glass wall 
tihickness, temperature distribution and material characteristics after ttieir final shs^ing 
process, the measurement points of the IS machine plot will then lie precisely on the 
coohng curve. The glass products 18 will all be of the same quality. If, however, a 

10 disturbance occurs in a process step for a specific section 14 (and thus station), the 
products originating from this section 14 will be affected by a change in quality. The 
temperature distribution and/or the glass wall thickness will change. As a result the IS 
machine plot will display a deviation with respect to the cooling curve. If the measured 
intensities are on the cooling curve, the glass products 18 will then be of the same quaUty. 

15 The conclusion is then also that the cooling curve can be used as a reference value for the 
shaping process. The values of IS machine setting parameters associated with a specific 
cooling curve for a glass product 18 can serve as reference values for the fiiture production 
of the glass product 18. 

When another type of glass product has to be produced, all settrug parameters for the 
20 shaping process will then have to be adjusted. To appreciably shorten this adjustment time 
and to reduce the large amoxmt of guesswork, the (already known) setting parameters from 
the cooling cmrve for the glass product are immediately used as reference value. The 
settitigs for the shaping process are now so adjusted that the IS machine plot becomes 
identical to the cooling curve. In this way all glass products 18 acquire the same quality as 
25 in the previous production. 

By recording any deviations between a current IS machiae plot and the cooling curve it is 
possible to indicate an error in the shs^ing process and to determine in which process step 
this error has occmxed. Preferably, the IS machine plots and the cooling curves are 
determined for all set measurement regions 40, 41, 42, 43, 44 for the current process. The 
30 calculated cooling curves are used as reference values for each station. If a deviation occurs 
in the IS machine plot Avith respect to the cooling curve then the following situations can 
have arisen: 
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Situation A: The deviation s^lies to all sections and the new calculated cooling curves 
have been shifted up or down compared with the existing cooling curves, but the shape of 
the cooling curve has remained virtually the same. 

Analysis A: A deviation has occurred for all sections. This means that a fault has occiirred 
5 m the entire IS machine, such as, for example, the cooling capacity for all sections, or a 
fault has occurred in the process steps iipstream of the IS machine in the feeder, forehearth 
and melting fiunace. Furthennore, the fault is solely of a thermal nature. 
Explanation: A station in a section can produce glass products 18 independently of other 
sections. If a deviating radiation pattern with respect to the cooling curve (the reference) is 

10 determined, the fault must then have been caused by a common factor. This is either a 

common factor in the IS machine 6 (such as the temperature, himiidity of the cooling air in 
the IS machine 6) or a common factor in the process steps upstream of the IS machine 6. 
That is to say the temperature, material characteristics in the feeder, forehearth and melting 
furnace 1 . The shape of the cooling curves has remained virtually the same. This means 

15 that the cooling rate of the products has also remained the same. It can thus be concluded 
that the initial temperature after the final production step in the IS machine 6 has increased 
or decreased for all sections 14 and that both the glass distribution and the material 
characteristics have remained the same. 

Situation B: The deviation appUes to all sections and the new calculated cooling curves 
20 have shifted up or down compared with the existing cooling curves but the shape of the 
cooling curve has also changed. 

Analysis B: Once again there is a fault in all sections. Thus, the fault that has occurred 
must be a common factor. Because the sh^e of the cooling curves has changed, it can be 
concluded that the material characteristics of the glass have changed and that consequentiy 

25 the glass distribution has also changed. 

Explanation: The shape of the cooling curves is dependent on the glass thickness of the 
glass wall and on the material characteristics but not on the initial temperature in the glass 
wall of the product. Since the quantity of glass remains virtually constant (gob), the 
deviation that has occurred simultaneously for all sections 14 must have been caused by a 

30 change in the material characteristics. 

Situation C: A deviation occurs only for the stations 16 that have a common gob forming 
process. 
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Analysis C: If a deviation occurs in the IS machine plot compared with the cooling curve 
only for the stations 16 that have a common gob forming process, the disturbance is then 
caused in the gob forming process. If the average intensity of the stations with a deviation 
is higher or lower, the weight of the gob is then higher or lower. 
5 Situation D: The deviation in the IS machine plot with respect to the cooling curve relates 
only to a single station 16. 

Analysis D: A fault has occurred only in the station 16 concerned. Only those process 
components in the station can be the cause of the fault. 

10 The embodiments described above are intended solely to serve as example and in no way 
are intended to limit the scope of flie inventioxL A person skilled in the art will rapidly be 
able to devise otiier embodiments, such as, for example, the measurement of only a single 
bottle as a function of time so that a cooling curve can be obtained by this means. The IS 
machine 6 can also be made up of a different composition of sections 14 and stations 16, as 

15 a result of which the analytical methods proceed somewhat differently. It will also be clear 
to a person skilled in the art that the digital processor 38 can be replaced by any other 
suitable processor. The processor 38 can be constructed using analogue, digital or software 
techniques or any desired combination thereof. The processor 38 can also consist of various 
sub-processes, optionally in a master-slave relationship. The processor does not necessarily 

20 have to be close to the rest of the system but can, for example, communicate with the 
measurement system via remote communication. 



